This study investigated the rate of helmet use among motorcycle drivers and passengers in Kathmandu, Nepal during the Fall of 2016, and compared helmet use rates based on highways, main roads and secondary roads in the city. The study design involved cross-sectional observations along roadways in Kathmandu, Nepal. The following variables were studied: helmet use, gender, age category (youth, adult, elder), and type of road (highway, main road, secondary road). Statistical analysis included general behavioral prevalence, relationship comparison via Fisher's Exact Test, and odds ratios. A total of 1878 observations were made at 14 locations in Kathmandu; n=1321 observations of motorcycle drivers and n=557 observations of motorcycle passengers. Nearly all drivers used helmets (0.994 [1313/1321]; 95% CI: [0.988, 0.997]), whereas the vast majority of passengers did not wear helmets (0.014 [8/557]; 95% CI: [0.004, 0.021]).
Introduction
Motorcycles are a major form of transportation throughout Asia because they are inexpensive to purchase and maintain and are widely accessible. These factors have led to sharp increases in registered motorcycles in Asian countries (Hung, Stephenson, & Ivers, 2006) . In 2013, there were 1,204,150 registered motorcycles in Nepal representing 77.9% of all registered motor vehicles. This is up significantly from 150,185 in 2000 ( VAT Management, 2013) . While statistics for motorcycle injuries is not available in Nepal, total motor vehicle crash statistics are. In 2013, there were 1,545,988 registered vehicles in Nepal (population: 22 million). In that same year there were 13,582 motor vehicle crashes with 1,816 fatalities. The fatality rate for 2013 was 11.75 fatalities per 10,000 vehicles. This rate was lower than both 2011 and 2012 with fatality rates of 14.36 and 13.68, respectively. However, this rate is much lower than just 11 years ago when 2002 had a fatality rate of 24.23 fatalities per 10,000 vehicles ( VAT Management, 2013) . When compared to other Asian countries, Nepal has one of the highest motor vehicle fatality rates (MoPPaT Management, 2013) . With increased motorcycle use, related injuries are on the rise. Specifically, traumatic brain injury (TBI) and other head injuries are the result of motorcycle crashes. Both drivers and passengers are at risk for these severe injuries. In Figure 1 , observe that all motorcycle drivers are wearing helmets and all passengers are not wearing helmets. Also, observe the number and location of traffic police wearing blue shirts and white caps. Motorcycle helmets are designed and highly recommended for use to protect against head injuries. There are several factors affecting motorcycle helmet use (Haqverdi, Seyedabrishami, & Groeger, 2015; Hung, Stevenson, & Ivers, 2008; Karuppanagounder, & Vijayan, 2016; Mirkazemi & Kar, 2014; Siddiqui et al., 2013; Sreedharan, Muttappillymyalil, Divakaran & Haran, 2010; Thai, McIntosh, & Pang, 2015) . Several of these studies identify that helmet use laws and the strict enforcement of those laws are a major factor that increase helmet use among motorcycle drivers and passengers. Anecdotal observations on the main streets and highways of Kathmandu, Nepal reveal that motorcycle drivers are using helmets, however, passengers (including child passengers) are not. This is most likely due to the current regulation stipulating that all drivers must wear helmets while operating a motorcycle. This same law does not apply to any passengers, including children. Throughout the Kathmandu highways and main roads there is heavy traffic police presence. Along with directing traffic on the extremely busy roads, they also enforce traffic regulations by writing traffic citations. Minor traffic violations cost between 500 and 1500 rupees ($5 to $15 USD) and increase for more serious violations. The fine for not wearing a helmet is 500 Nepali rupees (~$5 USD). Police presence is much less on secondary roads that wind through neighborhoods. However, these poorly maintained roads are still used extensively as short cuts for taxis and others trying to avoid heavy traffic on the main roads, which increases the crash risk on these types of roads. There is no credible data on the prevalence of helmet use in Nepal. The main objective of this study is to estimate the prevalence of helmet use among motorcycle drivers and passengers in the Kathmandu metropolitan area of Nepal by comparing use rates among motorcycle drivers and passengers and the road type.
Methods
The study was conducted in Kathmandu, the capital and largest city of Nepal during the months of October and November 2016. The population of the city was estimated at 975,000 inhabitants based on latest census in 2012 (CBS, 2011) . The large proportion of the population and business districts lie within the main highway of the city. This highway is known as 'Ring Road' as it encircles the entire city. To select observation sites, the city roads were divided into three road types based on a 1: 75000 road map. These divisions included highways, main roads and secondary roads. Four observation points were randomly selected from each type of road based on the nearest intersection, for a total of 14 observation sites. Observers were stationed approximately 100 meters from the selected intersection in order to observe moving motorcycles. At each point, observations were made for up to 30 minutes or 100 observations, whichever came first in order to avoid duplicate counts. Two observers were positioned at each point to simplify data collection, each observing a different flow of traffic using a standard observation field sheet. Two additional sites along the main highway in Dhulikhel, Nepal (approximately 20 km east of Kathmandu) were used to compare helmet use rates for areas outside the city. All observations were made during the daytime hours. The weather for each observation time was sunny and clear with an average daytime temperature of 24C (75F) for October and 23C (73F) for November. All roads were clear and dry.
Data for all drivers and passengers were collected for helmet use, estimated age category (youth, adult, elder), gender and type of road (highway, main road, secondary road). Age estimates were based on observation and experience only. Youth would be considered those of an age less than 12 and elder would be considered those over the age of 55. Training and subsequent interrater agreement was conducted at one observation site along a main road in the city. Interrater agreement was 100% for all variables except age category. Age category agreement was above 95% for all observers.
Point prevalence was determined for driver and passenger helmet and mask use. Blaker's exact confidence intervals for a binomial proportion were computed for these prevalence values (Blaker, 2000) . Categorical comparisons were using Fisher's Exact Test due to low cell counts (Routledge, 2005) . Odds ratios were calculated to determine relationships between categorical variables. In cases where cell counts were zero, Haldane-Ascombe correction was used (Haldane, 1956; Anscombe, 1956) . All data were analyzed using R statistical software, version 3.5.0 (R Development Core Team, 2018).
Results
A total of 1878 observations were made at 14 locations in Kathmandu; n=1321 observations of motorcycle drivers and n=557 observations of motorcycle passengers. Refer to Table 1 for descriptive statistics on driver demographics. 
Prevalence of Helmet by Drivers and Passengers
Nearly all drivers used helmets (0.994 [1313/1321]; 95% CI: [0.988, 0.997]), whereas the vast majority of passengers did not wear helmets (0.014 [8/557]; 95% CI: [0.004, 0.021]). Helmet use was significantly different between drivers and passengers ( 2 (1, N=1872) = 1791.0, p<0.001).
Road Types and Other Relationships
There was a significant relationship between road type and driver helmet use (p=0.04, Fisher's Exact Test) in that drivers were much less likely to wear helmets while driving on highway roads (OR=9.93, p=0.01; 95% CI: [1.21, 80.91]). Driver gender was significantly associated with helmet use in that female drivers were more likely to wear helmets compared to male drivers (p<0.001, Fisher's Exact Test). Full results are presented in Table 2 . 
Discussion
The results of this study show that helmet use is high among motorcycle drivers (99.4%) yet very low among passengers (1.4%). Use rates in Kathmandu are much higher for drivers compared to other studies observing helmet use rates throughout the world. Data for helmet use is limited but studies from Argentina, Mexico, and Vietnam were selected due to available studies and similar country development according to the United Nations' classification. Studies in Argentina and Mexico reported driver helmet compliance respectively at 69.8% and 76.3%, which has been accredited to policies and efforts to promote helmet use (Ledesma, Lopez, Tosi, Poo, 2015; Lunnen et al., 2015) . Conversely, passenger helmet use rates are considerably lower in Kathmandu compared to other countries. In Argentina, 43.4% of passengers wear helmets and in Mexico, 51.6% of passengers wear helmets (Ledesma et al, 2015) . Mexico attributes a higher percentage of passenger helmet use to legislation being enforced among all motorcycle users (Lunnen et al., 2015) . The gap between driver and passenger helmet use in Kathmandu is significantly wider than other country comparisons.
Current helmet legislation in Nepal calls for mandatory use of helmets for all motorcycle drivers but there are no enforceable provisions for passenger and child helmet use. Police enforcement for helmet use among drivers is high given that vehicle speeds throughout Nepal are generally low, making it much easier to identify and fine the offender, subsequently upholding legislative enforcement. Additionally, the prevalence of police at intersections and along most major roadways makes it difficult for motorcycle drivers to pass unnoticed without wearing a helmet. Any difference in the helmet use based on the type of roadway may be explained by lower police enforcement on secondary roads within the city.
An unexpected finding was significantly lower driver helmet use on highways when compared to main roads and secondary roads. Due to the sheer volume of both motor vehicle and pedestrian traffic, highways speeds are lower (maximum of 60 to 80 kilometers per hour) but experience constant heavy traffic, especially in Kathmandu, where the average speed is usually much lower. This increase in traffic volume requires greater police presence. Although, there is a higher police prevalence, one explanation of fewer observed drivers wearing helmets is that the police stationed at highway locations are focused on traffic control and less on helmet use and speeding enforcement. Conversely, the difference is still only slight when comparing helmet use based on roadway type.
An association of gender and helmet use was observed. Results show that female drivers are more likely to wear helmets. Similar findings were found in Argentina but not in Vietnam and Mexico where studies recorded male drivers being more likely to wear helmets. Nepal and Argentina may have cultural or social factors that create obstacles for the observed decrease use of helmets among males.
The high use of helmets on the streets of Kathmandu is influenced by the current helmet laws and the enforcement of such laws. However, helmet use is only prevalent among drivers and not passengers. As in other countries, increasing helmet use legislation enforcement increases helmet use. For example, Vietnam has worked on improving helmet use through legislation coupled with police enforcement and fines. Since 2007 when the country began implementing widespread helmet use initiatives, the country has seen a significant increase in helmet compliance. From studies conducted in 2011 and 2014, the region of Ha Nam has gone from 34.3% to 76.9% helmet use (Bao et al., 2017) .
Limitations of this study include: the generalizability of data to specific dates and times along Kathmandu roads; large numbers of motorcycles passing by at any given time, making it nearly impossible to observe all motorcycles, and the difficulty in determining driver and passenger age.
Conclusion
There is a need to enhance current helmet laws to include helmet compliance among motorcycle passengers to see a reduction in traffic injuries and fatalities. Following the United Nations Motorcycle Helmet Study as a guide, other recommendations include: public awareness campaigns, and better access to helmets. Public awareness campaigns focusing on the importance of passenger and child helmet use, and the proper use of helmets will be helpful to educate the population. This can be promoted through health and transport divisions to show the benefits of helmet use for all motorcycle riders. Subsidies should also be provided to make helmets more affordable. Regulating the mandatory selling of helmets along with the motorcycle and subsidizing the cost of helmets will help to increase the availability of helmets among the population, especially passengers (United Nations Economic Commission for Europe, 2016). Additional engineering interventions should be studied that can either increase the use of motorcycle helmets or decrease the injury severity of motorcycle crashes.
